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The structural changes in the estrous cycle of the Long Evans
rat was first studied in 1922 by Long and Evans. From this investiga¬
tion they suggested that at no time during the estrous cycle are there
found more than one characteristic type of epithelial cell. They
divided the estrous cycle into four main periods; Proestrous, Estrous,
Metestrous and Diestrous. This is in agreement with Staples and Ceils
(1955), Young et al. (1941) and Astwood (1939).
Perrotta (1962), in his investigation of the mouse, found that
following a latent period of about 12 hours after the administration
of estrogen, the vaginal epithelial cells start synthesizing DNA and
undergo cell division for the first time. Subsequently some of these
same cells undergo mitosis a second time. From this he concluded that
an increased rate in DNA synthesis is followed by an increased rate of
mitosis in the epithelium of both the uterus and vagina, and that
there is no evidence that mitosis is directly stimulated by estrogen.
Segel et al. (1965) found that RNA fractions of estrogen-stimu¬
lated rat uteri are capable of initiating the morphologic changes in
the endometrium characteristic of estrogen stimulation. Thus they
concluded that after the hormone initiates RNA biosynthesis, it is
not necessarily involved in subsequent steps leading to the secondary
morphologic changes in the uterus.
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No work has been done on the histochemical changes that occur in
the vaginal cells of the Long Evans rat during suggested hoimone
changes.
If, as suggested by Perrotta (1962) and Segel et al. (1965), RNA
synthesis is responsible for the morphological changes in the estrous
cycle and that division occurs several times, then there should be no
stage of estrous where epithelial cells are of one morphological
character, e.g., all cornified cells at estrous as reported by Long
and Evans (1922), Astwood (1939)? and Young et al. (1941).
The purpose of this investigation is to determine if histochemi¬
cal and hormonal changes accompany the morphological changes observed
in rat vaginal cells during the estrous cycle. The inportance of
knowing what histochemical and hormonal changes occur at those times
becomes critical because of the suggested extrinsic effects they may




Stockard and Papanicolaou (1917) described a method of diagnos¬
ing the stages of the estrous cycle in animals showing only slight
external signs of their condition. The method involved a histological
examination of the cell contents of the vaginal fluid. The cellular
content of this fluid changes characteristically as the cycle pro¬
gresses. Long and Evans (1922), using the above mentioned methods on
Long Evans rats, have shown that the estrous cycle has a duration of
four to six days and that the changes are orderly and sequential in
character resembling that of cellular dehiscence. They reported the
appearance of only one type of epithelial cell in the vaginal lumen
at any one given stage of the cycle.
According to Long and Evans (1922), since there is an invariable
seccession of cell types occurring in the vaginal smear at various
times of the estrous cycle, the stage in the cycle may be named from
the cell content of the vaginal smear. Should this be done, one could
designate them as the stage of the sudden appearance of masses of
uniform sized, nucleated epithelial cells dehisced from the surface;
the stage of few cornified cells, the stage of extremely abundant
cornified cells, the stage of many leucocytes admixed with cornified
cells, and finally, in the diestrous pause, the stage of leucocytes
and scanty epithelial cells.
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Studies on the immature rat by Astwood (1938) have shown that
prompt increase in fluid of uterine tissue is a constant and early
index of the action of estrogen. Evidence has been obtained that this
response can be inhibited by the simultaneous action of progesterone
(Astwood, 1939).
Astwood (1939) attempts to time the vaginal stages with precision
by means of frequent vaginal smears served to confirm the findings of
Emery and Schwabe (1936). They had previously shown that such a pro¬
cedure disturbs the cycle. An estimate of the duration of each stage
was made on a statistical basis, using the experimental data from
several hundred cycles. Each daily smear was assigned a twenty-four
hour rating. Subsequently, by dividing the total number of times that
a given type of smear was seen by the total number of cycle days, the
following approximations were arrived at: (l) cycle length 109 hours
of which, (2) preestrous, 4 hours, (3) proestrous, 14 hours, (4)
proestrous to estrous (nucleated and cornified cells in equal number),
3 hours, (5) estrous (early and late), 25 hours, (6) metrestrous, 8
hours, and (7) diestrous, 55 hours (Astwood, 1939). These figures
are in substantial agreement with the durations given by Long and
Evans (1922) for the four main stages given above.
According to Astwood (1939), the weight and water content of
the uteri of adult rats during closely graded stages of the estrous
cycle and during pseudopregnancy show that the uteri reach a maximum
size at proestrous and then regress to a minimum on the first day of
diestrous. Their water content rises to a maximum before proestrous
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and then falls abruptly vidth the first appearance of cornified cells
in the vaginal smear. “When the uteri of rats in various stages of
the cycle were given a single injection of 2.0 micrograms of estradiol,
six hours before death, they responded by a marked increase in tissue
fluid during diestrous and preestrous. During proestrous and estrous
this reaction was strongly inhibited. Evidence shows that this in¬
hibition is due to an ovarian secretion having the properties of a
corpus luteum hormone.
All agreed that the time of mating may vary with respect to
the vaginal condition, but it seems clear from Long and Evans (1922)
that the first signs of heat coincide with the beginning of conplete
cornification more often than with any other vaginal condition. How¬
ever, analysis of the cycle considered by Hemmingsen (1933) appeared
to be most typical, showing that a strong intensity of "heat” was
displayed prior to the time of conplete cornification. The latter
results are in agreement with Youhg et al. (1941) which showed that
the beginning of "heat" tended to coincide with the first appearance
of cornified cells rather than with conplete cornification. They also
concluded that by the time cornification was coirplete, "heat" had
ended in a few animals. Thus, the period of cornification is not the
period of "heat" in the sense that "heat" usually begins at this time.
The vaginal condition with which the beginning of "heat", and there¬
fore the beginning of the preovulatory swelling tends to be associated
with, and is characteristic of the time when the first cornified cell
appears.
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Staples and Ceils (1955) reported the presence of cornified
cells in the vaginal smear of the rat before estrous. These cornified
cells were found a few hours before proestrous in the vaginal smears.
The effects of blocking drugs and hypophysectomy on ovulation
in cycling rats confirms the finding of Everett (1961), that both four
and five day female rats begin to release luteinizing hormone (LH)
after 14 hours on proestrous. The fact that five-day rats cannot be
blocked as well by phenobarbital and barbital as four-day rats was
reported by Everett (1951). That atropine given as late as 16 hours
on proestrous to rats with five-day cycle blocked ovulation in some
animals, suggests that the LH release may begin later than 14 hours
in five-day animals and/or may occur more slowly than in the four-day
rat (Hoffmann and Schwartz, 1965a). The LH release in four-day rats
appears to occur between 14 and 16 hours (Schwartz and Boswell, 1958),
and provides a basis for comparison with postpartum LH release.
The time of LH release responsible for post-partum ovulation
appears also to be linked to the time of day and to occur only at a
restricted time (between 13 and 18 hours), but the day of its occur¬
ence depends on the time of parturition (Hoffmann and Schwartz, 1965a).
Hoffmann and Schwartz (1965b) also did a study on the timing of
ovulation following progesterone withdrawal in the rat and they re¬
vealed that ovulation in cycling rats can be blocked by administration
of progesterone in dosages of 10 mg daily for 7, 8 or 9 days. Obser¬
vation of the actual time of occurence of ovulation in some animals
and results of administration of ovulation-blocking drugs to others
7
suggest that the facilitation of LH release responsible for the first
ovulation following progesterone withdrawal in the rat begins about
14 hours later, but lasts somewhat longer than in the four-day estrous
cycle.
The inhibitory effects of phannacologic blocking agents (Quinn
and Zarrow, 1964) on ovulation and on progesterone facilitation of
ovulation (McCormack and Meyer, 1964) indicate that ovulation induced
progesterone is caused by neurally controlled release of pituitary
ovulation hormones. There are also conflicting reports by Quinn and
Zarrow (1964) and Strauss and Meyer (1962) on the influence of light
in determining the "critical period" of LH release established by
timed injection of blocking agents.
Recent studies, using pregnant mare serum gonadotrophin (PMS) as
a follicle-stimulating substance, have disclosed a "critical period"
for pituitary release of ovulating hormnne, (This is to avoid contro¬
versy over the still undecided question as to whether LH alone or a
combination of LH and follicle-stimulating hormone (FSH) causes ovula¬
tion.) in immature female rats (Strauss and Meyer, 1962; McCormack and
Meyer, 1962; Quinn and Zarrow, 1964; and Wagner and Brown-Grant, 1965).
In addition, Strauss (1964) has shown that exposure to continuous
light decreases the incidence of ovulation in prepuberal rats treated
with PMS and that the administration of progesterone counteracts this
effect. Pregnant mare serum is a gonadotrophin of placental rather
than pituitary origin and it has a longer half life in the plasma
than pituitary gonadotrophins (Parlow and Ward, 1961).
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Meyer and McCormack (196?) found that ovulation in immature rats,
induced by daily subcutaneous administration of sheep FSH, was pre¬
vented by appropriately timed injection of phenobarbitone or by ex¬
posure to continuous light. Progesterone produced ovulation in
light-blocked rats and in rats kept in standard lighting which had
received a non-ovulatory dose of FSH. They interpreted these findings
to mean that ovulation produced by these preparations of FSH was due
to a release of ovulating hormones from the pituitary gland. It was
also suggested that light LH activity in a FSH preparation produces
ovulation by causing the secretion of progesterone which then facili¬
tates the release of ovulating hormones from the pituitary gland.
Wagner and Brown-Grant (1965) reported that nembutal prevented
ovulation in rats when given 54-55 hours after PMS. They found that
in animals injected with PMS at the beginning of a light period,
ovulation occurred at the beginning of a dark period. However, when
nembutal is injected 42-43 hours after PMS in this group ovulation
was blocked. The evidence from both groups suggests that LH was
released at about 8 hours after the onset of the second period of
light following PMS administration. When rats were reared in constant
illumination, many failed to ovulate in response to PMS.
It has been established by Cheifetz et al. (1968) that a
circadian rhythm in adrenal corticosterone secretion exists in
several mammalian species, and in rat one a normal day-night regime
of 14 hours of light and 10 hours of darkness, plasma corticosteroid
levels reach their nadir shortly before "dawn" (0500 hours), begin to
9
rise in the morning, and reach their peak in late afternoon. Thus,
when rats are placed in constant light, the diurnal fluctuations in
plasma corticosterone are conpletely eliminated and the rat goes into
a state of constant estrous. The magnitude of these excursions has
been reported to be greatest in female rats on the day of proestrous
(Critchlow et al., 1963).
Recent studies by Feder et al.,(l971), have shown that on the
morning of proestrous, peripheral plasma progesterone levels rise in
parallel with the rising corticosterone levels. Thus, at the time
of the "critical period" for LH release, the increases in the levels
of progesterone and corticosterone diverged sharply, progesterone
rising much further, and corticosterone leveling off.
Progesterone has been observed to be highly effective in bring¬
ing about lumen fluid loss, primarily acting at the level of the
uterine cervices to relax them allowing the fluid to drain out via
the vagina (Armstrong, 1968b).
The time at which progesterone secretion becomes elevated
(after LH) on the day of estrous is consistent with physiological
role, and loss of lumen fluid has been reported to follow administra¬
tion of LH to prepubertal rats in which uterine distention has been
induced with exogenous estrogen (Armstrong, 1968a). Still additional
evidence in support of the role of progesterone as mediator of this
response of LH is provided by the studies of Ferin et al. (1969).
These investigators were unable to block ovulation by administration
of anti-progesterone serum on the morning of proestrous, indicating
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that proestrous LH surge was not prevented.
Armstrong and Kennedy (1972) proposed a model for the physio¬
logic regulation of secretion of the preovulatory surge of LH which
occurs on the afternoon of proestrous in rats.
According to Segel et al. (1965), RNA fraction of estrogen-
stimulated rat uteri is capable of initiating the morphologic changes
in the endometruim characteristic of estrogen stimulation. Thus,
they concluded that after the hormone initiates RNA biosynthesis, it
is not necessarily involved in subsequent steps leading to the second¬
ary morphologic changes in the uterus. They suggest that the response
of cell growth may represent a special estrogen effect totally and
exclusively dependent on protein synthesis.
According to Perrotta (1962), in 1961, Quastler reported that
in fast growing tissues of the mouse, the duration of the S phase is
about 6-8 hours. Peckham, in 1961 (Perrotta, 1962) showed that in
the estrogenically stimulated rat vagina, the S phase is about 6 hours,
and the total generation time about 13-1/4 hours.
Perrotta (1962), in his studies, found that following a latent
period of about 12 hours after the administration of estrogen, the
vaginal epithelial cells started synthesizing DNA and then undergo
cell division for the first time. Subsequently some of these same
cells undergo mitosis a second time. He also stated that increased
rate in DNA synthesis is followed by an increased rate of mitosis in
the epithelium of both the uterus and vagina, and that there is no
evidence that mitosis is directly stimulated by estrogen.
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Shaikh's (1971] studies on estrone and estradiol concentration
showed that during diestrous, the concentrations of estrone and
estradiol were low. They had, however, reached a peak level by 10-12
hours of proestrous. Qi the day of estrous there is no significant
change in both estrone and estradiol concentration from the low level
recorded late in proestrous, but there is a significant rise on the
day of metestrous, in both estrone and estradiol.
Determination of the levels of estrogen in ovarian venous blood
of rats has been done by Hori et al.,(1968), Yoshinaga et al. (1969),
and Pope and Waynforth (1970).
Yoshinaga et al. (1969) detemined the estrogen levels in rat
ovarian venous plasma by an intravaginal bioassay and found that
during the estrous cycle, estrogen secretion rate rose in the after¬
noon of diestrous and continued to rise gradually throughout the
night of diestrous. It was also noted that maximal secretion rate
was observed between 5 and 19 hours of proestrous. They observed a
major fall in secretion rate between 19 and 22 hours of proestrous
and a slight rise in secretion rate was observed in the afternoons
of estrous and metestrous.
According to Presl et al. (1967), the changes in the estrogen
level in the blood during the estrous cycle are in agreement not only
with the wave of proliferation of the vaginal epithelium and the in¬
crease of the uterine weight during proestrous (Flerko and
Szentagothai, 1957; Schwartz, 1964), but also with the maximal size
reached by the theca interna during proestrous (Lane and Davis, 1939)
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and its maximal content of cholesterol esters as well as that in the
interstitial cell (Claesson and Hillarp, 1947).
According to Bradley and Graham (1972), miotic activity,
especially in the basal layer of stratified squamous epithelium, in¬
creased as time elapsed after estrogen administration in the
squamocolumnar junction of the uterine cervix in ovariectomized mice




Long Evans female rats (age two to three months) were used in
this investigation. The rats were maintained in a laboratory environ¬
ment at temperature ranges of 68-75 C on a schedule of 10 hours of
light and 14 hours of darkness.
Vaginal smears were taken from rats daily to determine the
periods of oestrous and the following histochemical assays were
applied: Menzies' and Feulgen methods for nucleic acid content;
PAS-Alcian Blue and Saunder's methods for polysaccharide determina¬
tions.
In order to assay for suggested concomitant hormone concentra¬
tion changes (Brown-Grant et al., 1970; Presl et al.j 1967; Ferin
et al.} 1969)} in estrogen and progesterone} female rats were anes¬
thetized between 6 and 7 hours, post-smear examination on days of
different periods of the estrous cycle. Blood samples were taken by
heart puncture and urine samples were extracted directly from the
bladder. The urine was immediately frozen until time of use. The
blood was centrifuged and serum was obtained by separation of serum
from cells and stored at 0 C until time of assay.
Histochemical Techniques
All smears for histochemical studies were fixed in Bodian fixa¬
tive for 25 minutes, washed in tap water (5-10 min), and carried
13
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through one of the following histochemical techniques:
1. Feulqen techniques for DNA content
(a) smears were incubated in IN HCl for 10 min at 60 C.
(b) rinsed in tap water
(c) stained in Schiff (2.5^) for one hour
(d) rinsed in three changes of tap water
(e) dehydrated through series of ethanol, 70, 80, 95,
and 100^
(f) cleared in xylene and mounted in Apochromount
2. Menzies* methods for nucleic acid
(a) vaginal smears were incubated in HCl (10 ml) and
tetrahydrofuran (90 ml) solution for three minutes
at 37 C.
(b) stained in Azure B (30 ml of 1%) - Basic Fuchsin
(8 ml of 1^) solution for 30 min (2 ml of glacial
acetic acid was also added to the solution)
(c) rinsed in acetone, cleared in xylene (2 changes for
2 min each)
(d) mounted in Apochromount
3. Saunders' method for acid mucopolysaccharides
In these methods vaginal smears were done in triplet
(Slides I, II, and III).
(a) vaginal smears were placed in 1^ solution of
cetyltrimethylammonium chloride (3 min)
(b) washed in tap water for 10 min
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(c) incubated in a 1^ ribonuclease solution for two hours
(d) Slide I was again treated for 3 min with cetytri-
methylammonium chloride, washed subsequently for
10 min in tap water, stained (3 min) in a 1% Acridine
orange solution (pH 7.2), and mounted.
(e) Slide II was stained (5 min) in Acridine orange solu¬
tion (pH 3.2), washed in tap water (5 min), placed in
differentiating solution I (50 ml of 0.03M NaCl and
O.OIM of glacial acetic acid), air dried, and mounted.
(f) Slide III was treated as Slide II but placed in differ¬
entiating solution II (50 ml of 0.06M NaCl and O.OIM
of glacial acetic acid) air dried, and mounted.
Slides I, II, and III, respectively, were assayed for hyaluronic
acid, chondrotin sulfate, and heparin.
4. PAS - Alcian Blue methods for acid mucosubstances
(a) vaginal smears were stained in Alcian Blue solution
(1^ with a pH 2.5) for 30 min
(b) washed in tap water for 5 min
(c) oxidized in Periodic acid solution for 10 min
(d) washed in tap water for 5 min
(e) stained in Schiff (1^) for 10 min
(f) rinsed in Sodium metabisulfite solution (5^) three
times (2 min)
(g) washed in tap water for 5 min
(h) dehydrated in 95 and 100^ ETOH
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(i) cleared in two changes of xylene (2 min) and mounted.
All histochemical techniques were taken from Luna (1968).
Photography
Photographs of stained slides were obtained on 35 mm Kodak
Pan-X and Ektachrome daylight blue film using a Halco Reflex 35 mm
camera. Exposures were taken on lOXj 45X and lOOX objective magnifi¬
cations at varying exposure times.
Estrogen Assay
Estrogen assays were determined by methods modified after
Bachman and Pettit (1941) as follows: (1) Urine samples (O.l ml)
plus 0.1 ml of concentrated HCl were mixed and boiled for one hour and
subsequently cooled rapidly under running tap water. (2) The hormonal
fraction was obtained from the cooled hydrolyzed urine by serial ether
extractions - once with 2 ml and twice with 1 ml of ether. (3) The
combined ether extracts were then washed with 5 ml of 9^ NaHCOg, and
the clear solvent aspirated off. (4) The ether was then evaporated
to dryness. (5) The residue was dissolved in a minimum volume of
ethanol (0.2 ml) and diluted with 1 ml of benzene. The benzene solu¬
tion was washed serially, once with 1 ml and twice with 0.5 ml
portions of Na2C03, and then with 1 ml of water. Each "washed layer"
was clearly separated, aspirated off and discarded. The benzene
residue contained the estrone. The residue was subsequently washed
once with 0.5 ml of 45^ H2SO4 and twice with 1 ml of water. The
clearly demarcated bottom layers were discarded. Further extraction
was done with IN NaCH (4X) in 1 ml portions. The combined alkaline
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extracts were acidified with a few drops of HCl and again saturated
in benzene. (6) The combined benzene extractions were again washed
twice with 45% H2SO4, twice with 1 ml of water and evaporated to dry¬
ness. (7) After drying, 3 ml of 60^ H2SO4 - 2^ quinol reagent was
added to the estrogen residue (in tubes). The tubes were heated for
20 min in a boiling water bath and cooled in cold tap water. Subse¬
quently 0.2 ml of distilled water was added to the tubes, shaken, and
reheated in a boiling water bath for 10 min and again cooled in tap
water for about 10 min. (8) The samples were spectrophotometrically
assayed by comparing optical densities of the unknowns against simi¬
larly treated reagent blanks and known dilutions at a previously
established wavelength of 552 nm (Brown, 1952).
Progesterone Assay
Progesterone (Preganediol) was determined by modified methods
of Eberlein and Bongiovanni (1958). A 0.1 ml aliquot of urine was
placed in an extraction solution containing acetate buffer (pH 4.5)
and 0.00166 mg of jg-glucuronidase and incubated at 37 C overnight.
The urine was then hydrolyzed in 0.1 ml of HCl (one hour) and ex¬
tracted twice with 0.5 ml of benzene. The benzene was washed twice
with 0.5 ml of IN NaCH and twice with 0.5 ml of distilled water. The
benzene layer was separated and evaporated to dryness in a tube.
Subsequently, 3 ml of bisulfite-sulfuric acid (50 g of sodium
bisulfite to 200 ml of concentrated H2SO4J mixture was added to the
tubes. Tubes were then placed in a boiling water bath for 4 rain and
cooled at room temperature for 3 min. The contents of the tubes were
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then read on the spectrophotometer at previously determined wave¬
lengths of 390, 424, and 460 nm (Eberlein and Bongiovanni, 1958).
Calculations were based on the use of a correction formula:
(D390 - 04^0)
Corrected Density435 = ®425 "
Standards were read against an acid blank as described by
Eberlein and Bongiovanni (1958).
Standard Solutions
Standards were prepared by diluting pure preparations of Estrone
and Progesterone (Pregnandione), (obtained from Sigma Chemical Co.)
in ethanol in units equaling 0.01 mg of standard/lOO ml of solvent.




In the Long Evans rats we have observed the estrous cycle to be
divided into four stages with the following characteristics; (1) Pro-
estrous, consisting of nucleated epithelial and cornified cells
(Fig. 1); (2} Estrous, consisting of approximately equal portions of
nucleated epithelial and cornified cells (Fig. 2); (3) Metestrous,
being dominated by a preponderance of cornified cells but exhibiting
a few nucleated epithelial cells also (Fig. 3); (4) Piestrous, com¬
posed of three types of cells, nucleated epithelial cells, cornified
epithelial cells and leukocytes (Fig. 4). Figure 5 shows actively
raitosing cells at proestrous.
In order to study the DNA content of cells, Feulgen and Menzies'
methods were used.
Figures 6-10 are fluorescent photomicrographs showing the con¬
centration of hyaluronic acid during the duration of the estrous
cycle. Figure 6 is a proestrous smear showing the presence of
hyaluronic acid in small concentration. Hyaluronic acid is found in
the environment of the smear and also in the cells.
At estrous the concentration hyaluronic acid increased appreci¬
ably (Fig. 7} and the concentration of hyaluronic acid at metestrous
is markedly increased over the periods of proestrous and estrous
(Figs. 8 and 9). During diestrous the amount of hyaluronic acid is
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Fig. 1. Photomicrograph of Proestrous smear
showing many nucleated epithelial cells
(NE) and a few cornified epithelial
cells (CEj. 3875X
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Fig. 2. Photomicrograph of Estrous smear showing
approximately equal numbers of nucleated
epithelial cells (NE) and cornified
epithelial cells (CE). 425X
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Fig. 3. Photomicrograph of Metestrous smear which
is dominated by a preponderance of corni-
fied epithelial cells (CE) and a dimin¬




Fig. 4. Photomicrography of Diestrous smear showing
the presence of three types of cells:
nucleated epithelial cell (NE), cornified
epithelial cell (CE), and leukocyte (L).
237.5X
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Fig. 5. photomicrograph of Proestrous smear
showing mitosing epithelial cells
(ME). 5583X
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Fig. 6. Photomicrograph of Proestrous smear
showing low hyaluronic acid (orange
color) content. 15Q0X
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Fig. 7. Photomicrograph of Estrous smear
showing hyaluronic acid (orange
color) content. 1500X
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Fig. 8. Photomicrograph of Metestrous smear
showing marked increase in hyaluroni
acid (orange color) content. 15Q0X
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Fig. 9. An isolated cell grouping of Metestrous
smear showing hyaluronic acid (orange
color) content. 1500X
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Fig. 10. Photomicrograph of a Diestrous smear
showing diminution in hyaluronic acid
(orange color) content. 150.0X
29
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at its lowest concentration (Fig. 10).
Hormonal Assay
The levels of estrogen during the estrous cycle of the Long
Evans rat were established by methods modified after Bachman and
Pettit (1941) utilizing twenty Long Evans females (200-250 gm).
The serum levels of estrone were higher than the urine levels
during the estrous cycle and as the cycle progressed from proestrous
to diestrous, the levels of estrone decreased in both the urine and
serum (Table 1; Fig. 12). The highest level of estrone was noted at
proestrous and estrous. At proestrous and estrous, the level of
estrone in the urine was 0.04 microgram and 0.05 microgram in the
serum. During the stage of metestrous, the urine level of estrone
decreased to 0.01 microgram and the serum level to 0.011 microgram.
At diestrous the estrone level for urine and serum was 0.01 microgram
(Table 1; Fig. 12).
To determine the level of progesterone during the four stages
of estrous, a modification of the methods of Eberlein and Bongiovanni
(1958) was used. The progesterone in the urine and serum increased
from proestrous to diestrous (Table 2; Fig. 14). The progesterone
level at proestrous in the urine was found to be 0.014 microgram, and
0.015 microgram in the serim (Fig. 14). At the estrous stage the
progesterone level was measured at 0.021 microgram in the urine and
0.03 microgram in the serum. During the metestrous stage the level
of progesterone increases logarithmically* The progesterone level in
the urine was 0.026 microgram and 0.035 microgram in the serum
Fig. 11. A graph showing standard curve used to
determine the concentration of estrone.
 
Table 1. Summary of changes in Estrone concentration during the 4-5 day estrous cycle.
Urine Serum
Average Range Average Range
Day of estrous Number of rats microgram lowest highest microgram lowest highest
Proestrous 4 0.04 0.039 0.045 0.05 0.04 0.055
Estrous 4 0.04 0.03 0.05 0.05 0.04 0.055
Metestrous 4 0.011 0.01 0.02 0.01 0.005 0.012




Fig. 12. A graph showing comparison between serum
estrone (SE) and urine estrone (UE) levels
during the estrous cycle. Numbers 1, 2,
3, and 4 represent proestrous, estrous,






Fig. 13. A gxaph showing standard curve used to





Table 2. Summary of changes in Progesterone concentration during the 4-5 day estrous cycle.
Urine Serum
Average Range Average Range





0.12 0.16 0.015 0.012 0.016
0.005 0.03 0.03 0.01 0.035
0.023 0.029 0.035 0.02 0.04




Fig. 14. A graph showing comparison between serum
progestrone (SP) and urine progesterone
(UP) levels during the estrous cycle.
Numbers 1, 2, 3, and 4 represent pro-




Fig. 15. A graph showing comparison between serum
estrone (SE) and serum progesterone (SP)
levels during the days of estrous.
Numbers 1, 2, 3, and 4 represent pro-








Fig. 16. A comparison o£ urine estrone (UE) and
urine progesterone (UPj levels during
the days of estrous. Numbers 1, 2, 3,
and 4 represent proestrous, estrous,







(Fig. 14). At diestrous the progesterone level in the urine was 0.04
microgram and 0.073 microgram in the serum.
CHAPTER V
DISCUSSION
In this investigation four main stages of the estrous cycle were
found. The results of these studies, however, differ from Long and
Evans (1922) in the cell populations occurring during these stages.
These differences are described as follows: (1) proestrous - dominated
by nucleated epithelial cells and a lesser amount of sparsely dispersed
cornified cells that are nonnucleated (cells were considered as being
nonnucleated if photomicrographic observations were negative for DNA
when Feulgen or Menzies methods were used for staining), (2) estrous -
a stage where the cell population observed is approximately equal in
proportions of nucleated epithelial cells and cornified cells, (3)
metestrous - composed of predominately cornified cells and a reduced
presence of nucleated epithelial cells in rat vaginal smears, and (4)
diestrous - overwhelmingly populated by leukocytes with a sparse
occurrence of nucleated epithelial cells; also a few cornified cells
can be seen in the smear.
Hormonal levels of estrone and progesterone are greater in the
serum than in the urine of Long Evans rats and varies in the different
stages of estrous. These hormonal changes, along with the chemical
changes that occur in the vaginal smears, are critical because of the
suggested extrinsic effects they may exert in the case of initiation
and maintenance of cell proliferation (Socher and O'Malley, 1972;
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Perrottaj 1962) on the fertilization process and consequently on later
embryonic development as suggested by Wu (1972).
Estrone is highest in the estrous cycle during the stages of pro-
estrous and estrous. This is in agreement with Hansel and Echternkanp
(1972} viho observed that during the first few days of estrous in the
cow, ewe, and sow, the estrogen (estrone)level was highest in the
venous blood plasma. Likewise, Shaikh (1971) found that estrone con¬
centration in the ovum plasma of the rat was at its highest peak during
proestrous and estrous. According to Armstrong and Kennedy (1972), the
key role of estrogen is to stimulate uterine growth and distention and
vaginal cornification. The estrone level began to drop at metestrous
and the level of progesterone progressively increased, reaching its
peak during the stage of diestrous. This increase in progesterone
appears to block synthesis in the cells of the uterus and vagina in
the Long Evans rat. This is in agreement with the work of Socher and
O’Malley (1972) who suggested that progesterone is responsible for the
observed suppression of cell division in the oviduct of developing
chicks. However, if there is no high increase in progesterone during
diestrous, which is the stage of estrous that the rat remains during
pregnancy, according to Wu (1972), a decrease in the viability and a
delay in the implantation of blastocysts would occur in ovarieeternized
pregnant female Holtzman rats that were administered different mounts
of progesterone. This probably accounts for the high increase in
progesterone in Long Evans rats during diestrous also. This delay in
inplantation could have marked extrinsic effects on the developmental
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processes of rat embryogenesis. Progesterone also accounts for loss
of uterine fluid (Armstrong and Kennedy, 1972) and may be responsible,
to a large extent, for the decline in estrone secretion.
The presence of DNA in all stages of estrous or nucleated epi¬
thelial cells is suggested as being due to estrogen-initiated stimula¬
tion of synthesis of DNA of the vaginal cells which subsequently
undergo cell division for the first time (Perrotta, 1962). Subse¬
quently, some of these same cells undergo mitosis a second time
(Perrotta, 1962) which is suggested to account for the continuous
presence of nucleated epithelial cells in all four major periods of
estrous. According to Long and Evans (1922), definitive epithelial
cell-types are found at each of the four main stages of estrous.
No traces of DNA were microscopically observed in the extra-
nuclear environment of the smears. We suggest that this is due to
intranuclear degradation during cellular transitions.
To study polysaccharide content in vaginal smears, PAS-Alcian
Blue and Saunder's (specific staining) methods were used (only
pictures of the specific method for hyaluronic acid are shown). By
using the PAS-Alcian Blue method to stain smears, it was observed that
mucopolysaccharides could be found at all stages of the estrous cycle.
These observations lead to the presently described preliminary studies
for specific mucopolysaccharides. Using the specific methods of
Saunder's for hyaluronic acid, it was observed that the concentration
of this polysaccharide varied with the stages of estrous. It has been
suggested by Mahler and Cordes (1971) that hyaluronic acid functions
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in the binding of water in interstitial spaces and to hold cells to¬
gether in a jellylike matrix. This could account for the appearance
and different degrees of cell adhesion generally observed during the
estrous cycle. For example, at metestrous the fluid content is
mucilaginous or "cheesey" and the cells are packed in layers upon
each other more so than at any other stage. At diestrous the cellular
surroundings are more watery, indicating an increase in fluidity.
Hyaluronic acid could be observed throughout the entire estrous
cycle; however, the greatest concentration was observed at metestrous
which could account for the mucilaginous appearance of the smear.
From these observations, it appeared that the hyaluronic acid is also
located in the nucleus of some vaginal cells.
Thus, at least two very important tytochemical changes occur
during the estrous cycle, namely, in DNA and hyaluronic acid concen¬
tration. It is suggested that these cytochemical changes can have an
extrinsic, though direct effect, on conception, inplantation and
subsequent embryogenesis in the development of the rat embryo.
Consequently, morphological changes in the vaginal cells of the
rat that occur during the estrous cycle are of interest because these
morphological changes are parallel with continuous cytochemical changes
in the vaginal cells and hormonal changes in the urine and blood. It
is, therefore, suggested that these hormonal and cytochemical changes
can have direct causal effects on the resulting embryogenesis in rat




1. The estxous cycle of the Long Evans rat is divided into four
stages: proestrous - dominated by nucleated epithelial cells; estrous
- having approximately equal proportions of nucleated epithelial cells
and cornified cells; metestrous - dominated by cornified cells; and
diestrous - dominated by leukocytes.
2. The concentration of estrone in the urine and serum varies
in the different stages of estrous. Estrone concentration is lowest
in the urine. The highest concentration of estrone is found at pro¬
estrous and estrous in both seriam and urine; the lowest concentration
at diestrous. Estrogen initiates and maintains cell proliferation in
the estrous cycle. Consequently, because of this hormone's presence,
there is no stage in the estrous cycle where only one type of epithel¬
ial cell can be found.
3. The level of progesterone is higher in serum than in the
urine of the rat. The greatest concentration of progesterone is at
diestrous. Progesterone inhibits cell proliferation, causes loss of
uterine lumen fluid, and is necessary for the viability of blastocysts,
in^lantation of blastocysts, and may be responsible, to a large extent,
for the acute decline in estrone.
4. Fluorescent-photomicrographic observations suggest that the
greatest concentration of hyaluronic acid is found at metestrous; the
lowest concentration is assayed at diestrous. It is suggested that
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these cytochemical changes in the stages of the estrous cycle and the
concomitant hormonal changes can have effects on the embryogenesis of
a developing rat embryo.
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